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(57) ABSTRACT 

A drive circuit for an LED array, comprising at least two 
clusters of LEDs, in which one cluster comprises a number 
of LEDs arranged in series which are connected to a supply 
voltage (U^ fl „), with a semiconductor switch (T) being 
arranged in series between each LED cluster and the asso- 
ciated supply voltage, which semiconductor switch (T) 
allows the LED current to be supplied in a pulsed manner, 
with a measurement resistor (R.s^u) being arranged in series 
with the LEDs in the path for the forward current \ F between 
the LEDs and ground. A control loop controls the semicon- 
ductor switch (Tl) in a first LED cluster, referred to as the 
master cluster in the following text, such that a constant 
mean value of the LED current is achieved, wherein the 
master cluster has a predetermined number X of LEDs in its 
cluster, and with this control loop also driving at least the 
semiconductor switch (T2) in a further, LED cluster, 
referred to in the following text as the slave cluster. 

7 Claims, 7 Drawing Sheets 
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CONTROL CIRCUIT FOR LED AND this clock is also made available to other lower-level LED 

CORRESPONDING OPERATING METHOD clusters (slaves) (FIG. 1). The resistors connected in 

scries with the LEDs represent optional additional shunt 

The present application hereby expressly incorporates by resistors Rshum- These are not absolutely essential in 

reference U.S. Pat No. 6 400 101. 5 operation, since their values are chosen to be very small (for 

The invention is based cm a drive circuit for LEDs and an example, R^-IQ) and they do not adversely affect the 

associated operating method. This relates in particular to setting of the forward current 1^. However, if interruption 

reducing the drive power losses in lightening diodes identification is intended to be carried out in the slave 

(LEDs) by means of a pulsed LED drive circuit. crusurs (see be ow) mey are es«ntial. 

As a rule, series resistors are used for current limiting 10 . Tto «n^t m pnnople allows an area of any desired 

. ... . . ... /¥ x e b size to be illuminated using a single control loop. This is 

when driving lighUemilUng diodes (LEDs) see for ma ^ rishve reflation, with the master 

exampte U.S. Pat. No 5,907^69. A typical voltage drop ctustef predetermining ^ clock (CLK) and all the addi- 

across light -emit ting diodes (Ujr) is a few volts (for example, tionaI ^ chlsters (slave dusters) being driven by the 

for Power TOPLED Vj^2.1 V). The known resistor 1^ in master clock. 

series with the LED (see FIG. 1 in U.S. Pat. No. 6,400,101) is i n the simplest embodiment, only one master cluster is 
produces a particularly high power loss, particularly if the used. This solution is particularly cost-effective. However, 
battery voltage U Baa is subject to major voltage fluctuations in this case, it is advantageous to ensure that the number of 
(as is normal in motor vehicles). The voltage drop across the LEDs in the slave clusters is the same as the number in the 
LED still remains constant even when such voltage fluctua- single master cluster. Otherwise, brightness and light inten- 
tions occur, that is to say the residual voltage across the 20 sity differences would occur. 

series resistor falls. R v is thus alternately loaded to a In one particularly preferred embodiment, the number of 

greater or lesser extent. In practice, a number of LEDs are LEDs in the clusters can be varied. In this case, there are two 

generally connected in series (cluster) in order to achieve different embodiments for driving the LED clusters which 

better drive efficiency (FIG. 2 in U.S. Pat. No. 6,400,101). have different numbers of LEDs (for example if the number 

Depending on the vehicle power supply system (12 V or 42 25 of LEDs in the master cluster is greater): 

V), an appropriate number of LEDs can be combined to In a first variant, a series load (resistor, zencr diode or the 

form a cluster. With a 12 V vehicle power supply system, like), in particular a series resistor R^, is connected in each 

there is a lower limit on the battery voltage U Baa down to n-th slave cluster, replacing the missing light-emitting diode 

which legally specified safety devices (for example the (or light-emitting diodes). In this case, the master clock is 

hazard warning system) must be functional This is 9 volts. 30 the drive clock of that LED cluster which is driving the 

This means that, in this case, up to 4 Power TOPLEDs can greatest number of light-emitting diodes (FIG. 2). The 

be combined to form a duster (4x2.1 V=8.4 V). number of LEDs in the other clusters (slave clusters) may in 

Furthermore, US. Pat. No. 6,400,101 describes the use this case be chosen to be the same, or less. It is advanta- 

of a pulsed LED drive to reduce the drive power loss in geously not more than 30% less than the number in the 

tight-emitting diodes (LEDs). When the LEDs are driven in 35 master cluster, in order to avoid the losses becoming too 

this way, the current is regulated autonomously in each large. 

individual LED cluster. This leads to the maximum possible In a second variant, one or more additional LED control 

reliability (intelligent LED driver module, see FIG. 4 in US. loops (second or third, etc. master control loop) is or are 

Pat. No. 6,400,101). However, a relatively large number of integrated in the LED drive module (IQ, whose LED cluster 
LED driver modules are required to illuminate a relatively- 40 operates with a smaller number of LEDs than the first master 

large area — as is the case with motor vehicle tail lights — cluster. The battery voltage U Baa is in this case connected to 

using this technique, and this results in considerable costs. all the transistors T. The drive clock of the second master 

The number of LED driver modules depends on two factors. control loop (CLK2) is then made available to the group of 

The smaller the available supply voltage U v for the LED slave clusters having the corresponding, lesser number of 

cluster, the greater is the number of clusters required. 45 LEDs (FIG. 3). This embodiment is suitable for groups of 

The greater the forward voltage drop U F across the LEDs LED clusters which each have the same number of LEDs. 

which arc intended to be used for an LED cluster, the smaller The failure rate of a master cluster is preferably also 

is the number of LEDs which can be used in one cluster. improved. This is because the master clock is no longer 

The greater the number of LED driver modules required, available to any of the connected slaves if the master fails, 

the greater are the costs. 50 for whatever reason (for example interruption) The slaves 

The requirements to which an LED drive as described in are no longer driven, and must then likewise be switched off 

US. Pat. No. 6,400,101 is subject are, of course, complied to protect them against destruction, 

with, for example temperature regulation and fault identifi- One of the slave dusters is thus advantageously in the 

cation are possible in the LED cluster. form of a reserve master cluster. This means that a means is 

One object of the present invention is to provide a drive 55 provided for identifying an interruption in the control loop 

circuit for LEDs which is simpler and thus considerably of me master cluster and this means, for its part, is connected 

more cost-effective. to a changeover switch in the control loop, with the 

This object is achieved by the distinguishing features of changeover switch being connected on the one hand to the 

claim 1. Particularly advantageous refinements can be found master cluster and on the other hand to the reserve master 

in the dependent claims. 60 cluster. If the master fails, the switch is then changed to the 

The fundamental principle of the present invention is to reserve master cluster (FIG. 4). This redundancy ensures 

cascade the already known drive system. An LED drive that, if the master is operating incorrectly (interruption), an 

based on the concept in U.S. Pat. No. 6,400,101 is simplified immediate change is made to the reserve master. This 

in that the basic drive clock is governed by the clock (CLK) ensures that the connected slaves (not shown) continue to 

of the transistor H in a first higher-level LED cluster, which 65 receive their drive clock (master clock) for operation, 

is referred to as the "master" in the following text, at the The reserve master is preferably used as a slave as long 

output of the comparator of the associated control loop, and as the master 1 is operating normally. 
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Fault identification (malfunction) in the LED cluster is FIG. 3 shows a further exemplary embodiment of a drive 

also preferably improved. The commonest fault types are circuit having two master clusters 

interruptions and short-circuits. An LED failure always . , . , ... r , . 

means an interruption. In this case, this means an interrup- n ?- 4 & ows a ***** e «mplary embodiment of a dnve 

tion in the LED cluster, that is to say at least one LED has 5 CUCUit bavm S a reserve master cluster 

failed - FIG. 5 shows a basic block diagram of an LED drive 

Nevertheless, it is possible for a short-circuit to occur, to circuit of pulsed current regulation for LEDs 
be precise in the sense of an interruption in the electrical 

connecting line between the LED anode (Al) and ground FIG. 6 shows an LED drive circuit without fault identi- 

(GND), see FIG. 5. Especially for use in motor vehicles (for fication 

example a tail light composed of LEDs), this type of fault pjo. 7 shows an LED drive circuit with complete fault 

must be detected so that appropriate counte measures can be identification 
initiated in the event of a fault, such as immediately switch- 

ing off the LED driver module or switching off only the DESCRIPTION OF THE DRAWINGS 
short-circuited load circuit (LED cluster). The short- 
circuit" fault type can be caused, for example, by a rear 15 nGS lto$ have already be&Q described above, 
impact in which the tail light is damaged. 

Fault identification in all the clusters is thus highly n& schematic application circuit in FIG. 6 is illustrated 

recommended. For this purpose, detector inputs for the slave without fault identification for the slave clusters. Details are 

clusters are required in the driver module (IQ, to be precise illustrated in FIG. 8 of VS. Pat. No. 6,400,101 . The slave 

preferably a first input for interruption identification (FIG. 5, 20 clusters are controlled in groups by the associated, regulated 

OL) and a second input for short-circuit identification (SC in master cluster. In the situation where fault identification can 

FIG. 5). OLstancfc for "open load" (interruption), while SC dispensed with in a particular application, the detector 

stands for short circuit. input or inputs (OL and SC) of the slave clusters must be 

The total number of detector inputs is governed by the connected to a fixed potential (for example HIGH), 

number of slave clusters which are intended to be monitored. 25 x^is different to the situation shown in FIG. 7. In this 

Normally, two module inputs are required per slave cluster. C ase, the detector inputs OL and SC are also used for fault 

The fundamental elements of an LED drive circuit are identification in the slave clusters. 

described in U.S. Pat. No. 6,400,101. Now, as shown in FIG. , . . . , . 

_ . 4 ... e 9 ' . . * . 4 What is claimed is: 

5, elements are added for operation based on the master- _ - A A . m - T ™ ^ 

. . j r' i * n r*i_ .it 30 1. A dnve circuit for LED arrays comprising: 
slave method. For completeness, all of these arc quoted here: 

constant-current regulation of the forward current (Ip= at least two clusters of LEDs, in which one cluster 

constant) for the LEDs comprises a number of LEDs arranged in series which 

external, and thus flexible, forward-current adjustment connected to a supply voltage, 

low power loss due to switched operation (no need for the 3S a semiconductor switch being arranged in series between 

large series resistor Ry) each LED cluster and the supply voltage for allowing 

interruption identification in the LED cluster LED current to be supplied in a pulsed manner, 

short-circuit identification on the LED cluster means for measuring a forward current including a mea- 

temperature regulation in order to protect the LEDs surement resistor arranged in series with the LEDs in at 

flexibility in driving different numbers of LEDs in the 40 least one ; first LED cluster, in a path for the forward 

clusters, by means of a second LED master control loop currcnt - bctwcen ^ md &° und > m * 

drive clock output (clock output) from the master 1 and a 00111101 loo P controlling the semiconductor switch in the 

the master 2 for the associated slave clusters with equal cluster referred to as a master cluster such 

numbers of LEDs that a constant mean value of the LED current is 

increase in reliability by master switching 45 achieved, wherein the master cluster has a predeter- 

, . . . y . „ t_i RMim • x mined number X of LEDs in the cluster, the control 

logic dnve (microcontroller-compatible ENABLE mput) , , TV . "\ . i~ * . . . 

, . , . . , . , , j . . . . **. loop also driving at least a semiconductor switch m a 

tow mtnnsic current draw by the drive circuit in operation ^ dustor rcfcrrcd t0 M a slavc chjstcr . 

and m the standby mode 2 The ^ drcuit ^ claimed m claim h wherem a u the 

resistant to polarity reversal (integrated in the IC, or can 5Q j^rj chlsters which m additionally present each have the 

be provided externally by connector coding) same number of LEDs as the master cluster, with the control 

overvoltage protection 0 f me master cluster also driving all the additional LED 

compact housing (for example Power SO housing for clusters. 

SMD technology) 3. The drive circuit as claimed in claim 1, wherein all the 

temperature range —40° C.^Ty<150° C. 55 LED clusters which are additionally present have a number 

42 V motor vehicle power supply system (also feasible for X„ of LEDs, with the number X„ being equal to X, and with 

12 V motor vehicle power supply system). an additional load including a resistor R^, being arranged in 

FIGURES series with the LEDs in the LED cluster, if X„<X. 

1 4. The drive circuit as claimed in claim 1, wherein at least 

The invention will be explained in more detail in the ^ ^ groups 0 f led clusters whose numbers of LEDs differ 

following text with reference to a number of exemplary each have an associated master cluster, with the number X 

embodiments. In the figures: 0 f LEDs in a group of slave clusters matching the number in 

FIG. 1 shows the basic principle of pulsed current regu- the associated master cluster, 

lation for LEDs based on the master-slave principle 5. The drive circuit as claimed in claim 1, wherein one of 

FIG. 2 shows a further exemplary embodiment of a drive 65 the slave clusters is in the form of a reserve master cluster, 

circuit with different numbers of LEDs in the individual in that a means is provided for identifying an interruption in 

clusters the control loop of the master cluster and this means, for its 
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part, is connected to a changeover switch in the control loop, 
with the changeover switch being connected on the one hand 
to the master cluster and on the other hand to the reserve 
master cluster, and being suitable for switching to the 
reserve master cluster if an interruption occurs in the master 5 
cluster. 

6. The drive circuit as claimed in claim 1, wherein each 
LED cluster includes means for fault identification. 



7. A method for operating a number of LED clusters, the 
method comprising the steps of: 
providing a master LED cluster equipped with a control 

loop which predetermines a clock frequency, and 
providing at least one slave LED cluster controlled by the 

clock frequency. 
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